We isolated 16 new monoclonal antibodies that recognize large T antigen of simian virus 40 and mapped the epitopes to three distinct regions of the large T antigen. Also, 3 of the 16 recognized the large T antigen of the human papovavirus BKV.
The simian virus 40 (SV40) large T antigen plays important roles in SV40 infection and transformation of cells; however, the quantities of large T antigen per cell are tiny, about 10' that of cellular protein. Hence, specific antibodies have been required for research on large T antigen. The most common source of antibodies has been "tumor serum," which is antiserum from rodents injected with SV40-transformed cells. Tumor sera provide variable polyclonal sets of antibodies specific for determinants on native large T antigen, presumably sites exposed on the surface of the molecules (1). Monoclonal antibodies specific for large T antigen are better defined than tumor sera, but for a protein of the structural and functional complexity of the large T antigen (13), many monoclonal antibodies may be needed to identify all the epitopes. About 70 anti-T monoclonal antibodies have been reported (2, 5-7, 10), but the number of epitopes represented is not yet known. We report here the isolation and characterization of 16 more monoclonal antibodies specific for the SV40 large T antigen. Three of these antibodies cross-react with the large T antigen of BKV, a human papovavirus with extensive homology to SV40 (15) .
We produced 16 anti-T monoclonal-antibody-secreting hybridoma cell lines with the method of Kohler and Milstein (9). Hybrid cells were selected in a hypoxanthine-aminopterin-thymidine medium after fusion of NS1 myeloma cells with splenocytes from mice immunized with the SV40-transformed mouse line B4 (6). Anti-T hybridoma clones were identified by three screening methods. One was an enzyme-linked immunosorbent assay (ELISA) with methanol-fixed, SV40-transformed human SV80 cells (6). Method 2 was immunofluorescence with cells fixed by acetoneethanol, using human SV80 and BKV-infected MG178 cells and mouse SVT2 (SV40-transformed) and BALB/3T3 (uninfected) cells (6). Method 3 was immunoprecipitation and gel electrophoresis of radiolabeled large T antigen from extracts of SV80 cells and of SV40-infected TC-7 cells (6). The immunoglobulin class and subclass of the monoclonal antibodies were determined by an ELISA (6) with mouse class-and subclass-specific sera (Litton Bionetics). Culture medium harvested from dense cultures of the hybridoma clones, grown as described previously (6), was used as antibody source in all the experiments reported here.
Approximate locations of the binding sites on large T antigen were identified by adenovirus type 2 (Ad2)-SV40 * Corresponding author.
hybrid virus mapping (3). Three nondefective hybrid viruses (Ad2 + ND1, Ad2 + ND2, and Ad2 + ND4) encode overlapping carboxyl-terminal fragments of the SV40 large T antigen (12). HeLa cells infected with Ad2 or a hybrid virus were used for immunofluorescence assays and immunoprecipitation analysis (3). Our mapping divided large T antigens into four regions (Fig. 1) . The SV40 inserts in Ad2-ND1, Ad2-ND2, and Ad2-ND4 defined three regions (IV, III, and II, respectively, in Fig. 1 ). Region I was defined as the aminoterminal portion of the large T antigen shared by the small t antigen but lacking in the Ad2+ND4 large T polypeptides. We have considered only the largest SV40-specific polypeptides in cells infected with Ad2+ND2 and Ad2+ND4, although smaller proteins are also present (see reference 17 for a review). We think that the map is more reliable in regions I and IV than it is in regions II and III, because the last two depend on negative results.
Monoclonal antibodies were tested for recognition of denatured large T antigen by immunoblotting. Total cellular proteins were extracted from SV80 cells in 2% sodium dodecyl sulfate (SDS), 100 mM dithiothreitol, 80 mM Tris (pH 6.8), 10% glycerol, and 0.02% bromphenol blue for 30 min at 20 to 25°C, heated for 3 min at 91°C, passed 5 to 10 times through a 30-gauge needle, and separated by SDSpolyacrylamide gel electrophoresis. The proteins were transferred to a nitrocellulose membrane, exposed to monoclonal antibodies and then to horseradish peroxidase-conjugated rabbit anti-mouse immunoglobulin G (IgG) (Cooper Biomedical, Inc.), and revealed with O-dianisidine (Sigma) as described by Towbin et al. (18) . A brown-stained band at 94,000 daltons denoted recognition of large T antigen. No additional bands were seen with the anti-T monoclonal antibodies.
Mapping of epitopes in three regions of SV40 large T antigen. The 16 anti-T monoclonal antibodies were designated PAb 102 through 117. All 16 precipitated large T antigen from extracts of SV40-infected cells (Fig. 2) Only antibodies that map near ends of large T antigen react with denatured large T antigen. The nine monoclonal antibodies of region I and the three antibodies of region IV reacted with denatured large T antigen in immunoblots, but the six antibodies assigned to region III did not (Table 1) . Antibodies PAb 101, 102, 105 to 114, and 116 were tested for recognition of denatured large T antigens by two additional methods: the radioimmunoassay of Lane and Robbins (11) and immunoprecipitation of SDS-treated extracts of SV80 cells (data not shown). In all cases, the results confirmed the immunoblot results. Harlow et al. also found that antibodies that bind near the ends of large T antigen are denaturation resistant, whereas others are denaturation sensitive (7). This pattern suggests either that epitopes in the amino-and carboxyl-terminal regions of large T antigen are sequence specific rather than conformation specific or, alternatively, that the native conformation of large T antigen in these areas can be readily restored after denaturation.
In radioimmunoassay data reported previously (6), PAb 101 did not react with denatured large T antigen, but here PAb 101 did in all three types of assays. The carboxyl terminus of large T antigen is readily lost in vitro (16) . Therefore, the PAb 101 epitope may have been missing in the large T antigen used for the earlier radioimmunoassays.
Recognition of BKV large T antigen by three antibodies. The monoclonal antibodies PAb 106, 108, and 115 reacted with the large T antigen of BKV in immunofluorescence assays of BKV-infected human MG178 cells (Table 1) . BKV-infected W138 cells were stained for immunofluorescence with an antiserum against gel-purified, SDS-denatured SV40 large T antigen (anti-SDS-T serum [4] ) and with monoclonal antibodies PAb 106, 108, and 115 (Fig. 3) . All four antibodies show the pattern of nuclear staining nucleoplasm typical of large T antigens. The same four antibodies were used to immunoprecipitate large T antigens from 35S-labeled extracts of BKV-infected W138 cells and SV40-infected TC-7 cells. Only the anti-SDS-T serum efficiently precipitated BKV large T antigen (Fig. 4) . Although PAb 108 precipitated all of the SV40 large T antigens, in sequential precipitations (data not shown) and in the precipitations shown here (compare lanes b and k in Fig. 2 and lanes a and c in Fig. 4A ), it reacted with only a small fraction of BKV large T antigen (compare lanes a and c in Fig. 4B) 
